The aim of this paper is to evaluate the treatment effects of recommended drugs and devices on key clinical outcomes for patients with heart failure with reduced ejection fraction (HFREF). Randomized controlled trials (RCTs) listed in the 2012 HF guideline from the European Society of Cardiology as well as the 2013 HF guideline from the American College of Cardiology Foundation and American Heart Association were evaluated for use in the meta-analysis. RCTs written in English evaluating recommended drugs and devices for the treatment of patients with HFREF were included. Meta-analyses, based on the outcomes of all-cause mortality and hospitalization because of HF, were performed with relative risk ratio as the effect size. In the identified 47 RCTs, patients were on average 63 years old and 22% were female. Drugs targeting the renin-angiotensinaldosterone system, beta-blockers, cardiac resynchronization therapy (CRT), and intracardiac defibrillator devices (ICDs) significantly reduced the risk of death with reductions of 14-19, 23, 20, and 20%, respectively. Drugs targeting the reninangiotensin-aldosterone system, beta-blockers, digoxin, and CRT significantly reduced the risk of HF hospitalization with reductions of 24-37, 22, 60, and 36%, respectively, while ICDs significantly increased the risk with 34%. Ivabradine showed no significant effects on either outcome. As such, the majority of recommended HFREF treatments offered significant treatment benefits. However, many of the included studies were from the 1990s or earlier, and one must therefore be cautious when extrapolating these results to contemporary patients with HF.
Introduction
Past decades have seen a remarkable innovation and progress in the treatment of heart failure (HF). Despite advances in HF treatment, the prognosis for patients with HF with reduced ejection fraction (HFREF), accounting for approximately half of HF cases, resembles that of patients with malignant diseases, with a 1-year mortality rate of 15-20% and a median survival of 4-5 years from the time of diagnosis. 1 Therefore, in addition to developing new treatments, systematic and careful use of existing expertise is crucial. Today, clinicians across the Western world follow similar guidelines for the treatment of HFREF. Many of the studies in these guidelines are from the 1990s or earlier, which begs the question of whether the studies listed in the guidelines remain relevant today.
This systematic review aims to evaluate the effectiveness of current best practice in drug and device therapy for HFREF, by examining the evidence behind leading guidelines from the European Society of Cardiology (ESC) 2 and the American College of Cardiology Foundation and American Heart Association (ACCF/AHA). 3 This is approached by conducting meta-analyses on randomized controlled trials (RCTs) referenced in said guidelines and calculating the effect of each treatment on all-cause mortality and hospitalization because of HF. A sensitivity analysis including additional studies found through a literature search is presented, and it is discussed whether one can reasonably extrapolate the results to contemporary patients with HF.
Methods

Study design
The newest guidelines from the ESC and ACCF/AHA were examined, and all relevant RCTs and their data were extracted and used in the meta-analyses. For use in a sensitivity analysis, PubMed was systematically searched for additional relevant multicentre RCTs.
Inclusion and exclusion criteria
Only RCTs with a distinct control group mentioned in ESC and ACCF/AHA guidelines were included in the primary metaanalyses. Only articles written in English were reviewed, and studies had to examine the effects of angiotensin-converting enzyme inhibitors (ACE inhibitors), angiotensin receptor blockers (ARBs), beta-blockers, aldosterone receptor antagonists, digoxin, ivabradine, cardiac resynchronization therapy (CRT), or intracardiac defibrillator devices (ICDs) on HFREF. Studies on combination therapy of ACE inhibitors and ARBs were excluded.
Search methods
For use in the sensitivity analysis, additional relevant multicentre studies that met the previously mentioned criteria, but were not referenced in guidelines, were included. These studies were found through a literature search in the PubMed database. Keywords were 'randomized controlled trial', 'heart failure', 'multicenter,' and the individual treatment (full search information in Appendix S1 in Supporting Information). Last search was carried out on 16 December 2014. The searches and extraction of relevant studies and their data were carried out independently by two investigators (MMT, CL), and consensus was found in cases of discrepancies.
Outcomes and data extraction
The primary outcomes collected from the studies were all-cause mortality and HF hospitalization. Because HF hospitalization can be defined in various ways, and in order to ensure sufficient data for a meaningful analysis, data for surrogate measures of HF hospitalization were used in a number of studies. [4] [5] [6] [7] [8] [9] The surrogate measures consisted of 'worsening heart failure requiring intravenous diuretic therapy or discontinuation of the study', 'intravenous furosemide for the control of acute exacerbations or symptoms', 'heart failure episode/decompensation', 'hospitalization for cardiovascular causes/reasons', 'cardiovascular hospitalization', and 'severe/resistant heart failure'.
Characteristics of the studies including epidemiological variables, clinical measurements, co-morbidities, and concurrent medication were gathered at baseline. A priori, they were sample size, follow-up, age, gender, left ventricular ejection fraction (LVEF), creatinine blood levels, systolic blood pressure, diabetes, ischemic heart disease, atrial fibrillation, and concurrent treatment with ACE inhibitors, beta-blockers, aldosterone receptor antagonists, digoxin, diuretics, and antiplatelet drugs.
Statistical analysis
Meta-analyses were performed for each treatment with calculations based on the number of randomized patients and the number of events (deaths and HF hospitalization) in the intervention and control group in each study, with the relative risk ratio (RR) being the calculated effect size.
Higgins et al. 10 suggest that I 2 ≥ 50% represents moderate heterogeneity. Accordingly, the random effects model (DerSimonian-Laird) was used whenever I 2 ≥ 50%; otherwise, the fixed effect model (inverse variance) was used. The sensitivity analysis including relevant studies not referenced in the guidelines was calculated in the same way.
To assess the risk of publication bias, funnel plots were constructed using standard error as the measure for study size.
The meta-analysis calculations were done using the R programming software 11 and the R package 'meta' version 4.0-3, 12 while the R package 'metafor' version 1.4-0 13 was used for the funnel plots.
Results
Description of studies
The ESC and ACCF/AHA guidelines included 29 and 41 relevant RCTs, respectively ( Table 1 ). All included studies are listed in Appendix S2 in Supporting Information. A total of 23 studies were mentioned in both guidelines, while six studies were exclusively mentioned in the ESC guideline and 18 studies were exclusively mentioned in the ACCF/AHA guideline, thus totalling 47 unique studies. Two studies included subgroups permitting inclusion in the analysis of two treatments each. Six studies were used for the analysis of ACE inhibitors, four for ARBs, 15 for beta-blockers, three for aldosterone receptor antagonists, five for digoxin, two for ivabradine, seven for CRT, and seven for ICD therapy. For the mortality analyses, 49 patient populations were included, while only 34 patient populations measured HF hospitalization.
The studies varied in size from 49 to 10 917 patients, averaging 1667 patients per study. Patients were on average 63 years old, and female patients were underrepresented in all studies, making up only 22% on average. Follow-up ranged from 2.8 to 45.5 months, averaging 18.7 months. Table 2 shows baseline characteristics of the study populations divided into groups by investigated treatment.
Treatment effect on mortality Treatment effect on HF hospitalization 
Sensitivity analysis
The PubMed search gave a total of 1781 articles. The flowchart in Figure 2 summarizes the study selection. An additional 36 multicentre RCTs were found, 2 of which included subgroups permitting inclusion in the analysis of two treatments each. 14, 15 The sensitivity analysis thus included an additional 11 studies for ACE inhibitors, 2 for Effects of recommended treatments for heart failure 237 ARBs, 15 for beta-blockers, 2 for aldosterone receptor antagonists, 1 for digoxin, 1 for ivabradine, 4 for CRT, and 2 for ICD therapy. Refer to Appendix S3 in Supporting Information for the full list of additional studies. A total of 36 additional studies were included in the mortality analysis, and 20 additional studies were used in the HF hospitalization analysis. No additional studies examining the effect of treatment with digoxin and ICDs on HF hospitalization, nor ivabradine on mortality, were found. Figure 3 shows the results of the sensitivity analyses with additional studies included. The forest plots for each treatment can be seen in the Supporting Information.
Publication bias
Funnel plots for the studies in the primary meta-analyses can be seen in Supporting Information. All plots exhibited fairly symmetrical inverted funnel shapes indicating that publication bias was not a concern.
Discussion
Summary
In the primary analysis based on RCTs listed in guidelines, it was found that the three drugs affecting the renin-angiotensinaldosterone system, as well as treatment with beta-blockers and CRT, resulted in significant risk reductions for both mortality and HF hospitalization. In contrast, ivabradine showed insignificant effects on both mortality and HF hospitalization. Digoxin only showed a significant risk reduction for HF hospitalization. While ICDs provided a significant risk reduction in mortality, it appears that the risk of HF hospitalization was significantly increased. However, this must be Effects of recommended treatments for heart failure 239 seen in light of the fact that ICD therapy routinely leads to hospitalization in the event that the device fires.
Sensitivity analysis
After including an additional 36 multicentre RCTs, the sensitivity analysis' results were similar to the ones found in the primary meta-analysis, suggesting that evidence behind the guidelines is representative of the general literature on the area. However, there were differences to be seen, especially for CRT, where the risk reduction for mortality went from 20 to 16% (RR 0.80, CI 0.71 to 0.90, to RR 0.84, CI 0.75 to 0.93) and for HF hospitalization from 36 to 30% (RR 0.64, CI 0.57 to 0.71, to RR 0.71, CI 0.64 to 0.78). Although these differences were not statistically significant, they suggest that the guidelines may be overestimating the effects of CRT. Furthermore, of the seven studies looking at the effect of CRT on mortality in the primary analysis, only two studies showed significant risk reductions. In the sensitivity analysis, only one of the four additional studies was significant (and actually documented an increase in the risk of death). Despite only including additional multicentre RCTs in the sensitivity analysis, the 38 additional patient populations were much smaller compared with the studies listed in guidelines; only three included more than 500 patients, vs. 31 of 49 patient populations in the primary meta-analysis, and averaging 431 patients vs. 1667 in the primary analysis' studies. It makes sense to reference the most powerful studies in guidelines, and this is likely the reason why several of the studies found in the PubMed search were not mentioned in the guidelines.
Comparison with other meta-analyses
The effect sizes of treatments found in this article are similar to findings in existing systematic reviews and meta-analyses on ACE inhibitors, 16 ARBs, 17 aldosterone receptor antagonists, 18 beta-blockers, 19 digoxin, 20 CRT, 21 and ICDs, suggesting that the few new RCTs that have been published do not change the general picture of the treatments' effects. A pooled analysis from 2013, using data from the two major RCTs investigating ivabradine, looked only at a subgroup of patients with HFREF with heart rates ≥70 b.p.m. 23 As in this paper's analysis, which included all the patients and not just this subgroup, no significant effect on mortality was found. However, in this subgroup of patients with heart rates ≥70 b.p.m., the trend to a decrease in the risk of HF hospitalization found in this paper (RR 0.87, CI 0.68 to 1.10) became a significant 19% risk reduction (P < 0.001). In accordance with these findings, the ESC guidelines recommend ivabradine for a subset of patients with HFREF with heart rates ≥70 b.p.m.
Differences between studied and contemporary patients with HF and implications
Once the efficacy of a treatment has been established, the relevance of continuing to conduct RCTs investigating the effect of the treatment is doubtful at best and certainly raises ethical concerns. It is therefore not surprising that many of the included studies are from the 1990s or earlier. However, the aging studies can pose a problem when attempting to use their findings to predict the benefits of treatment for contemporary patients. The studied HF patient population in the primary meta-analysis included more than four times as many men as women, while a cross-sectional survey following 2042 residents in Olmsted County, Minnesota, from 1997-2000 found that the prevalence of congestive HF was only 1.7 times higher in men. 24 The studied patients with HF were on average 63 years old, while the average age of patients with HF in general practices in the UK in 2007 was 77 years. 25 In other words, the majority of the studies' recruited patients may not reflect a contemporary HF patient population. This could indicate patient selection but certainly warrants caution when extrapolating results of these studies to contemporary patients with HF, whose characteristics are different and thus may respond differently to treatment, as suggested by the meta-regression results.
Limitations
The literature search for additional RCTs was restricted to multicentre studies, and although it included thousands of studies, more search terms and additional databases could have been used. This paper examined the treatment effect for patients with HFREF. As the definition of REF has changed over the years, it was decided to include studies with patients who had an EF ≤ 45%. The Study of Effects of Nebivolol Intervention on Outcomes and Rehospitalization in Seniors with Heart Failure study 26 mentioned in the ESC guideline included patients with both REF and preserved EF. A paper based on a subgroup of the study including only patients with LVEF < 35% was therefore used instead. 9 In Volterrani et al. 15 Although publication bias was assessed, other forms of bias such as selection and ascertainment bias were not.
Conclusions
Both the primary meta-analysis and the sensitivity analysis found that most recommended HF treatments showed significant treatment effects on patients with HFREF. This suggests both that the recommended treatments are efficacious and that guidelines are based on a representative collection of studies. However, many of the studies are from the 1990s or earlier and include a preponderance of men with a different age distribution than today's average patient with HF, who is now more often female and older. One must therefore still be cautious when using these findings to predict the effect on contemporary patients with HF. Furthermore, individual patient characteristics that might affect treatment efficacy are largely ignored in guidelines, and studies investigating such relationships could prove valuable in clinical practice.
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